H ypertension is the most common comorbid condition in patients with atrial fibrillation (AF) and is present in approximately 80% to 90% of patients with AF enrolled in recent clinical trials. [1] [2] [3] [4] [5] In AF, hypertension has been found to be an independent risk factor for stroke and patients with both AF and hypertension have an increased risk of stroke when compared with patients with either condition alone. 6, 7 Antihypertensive therapies significantly reduce the risk of stroke in patients with hypertension; however, few studies have focused on patients with hypertension and AF. 8, 9 Previous studies have found elevated risk of stroke in patients with AF who have a history of hypertension (regardless of blood pressure [BP] control), whereas other studies found an elevated risk of stroke in all patients with AF without previous history of hypertension with systolic blood pressure (SBP) levels ≥140 mm Hg. [10] [11] [12] Thus, in order to define the potential benefit of BP control in patients with AF, a clearer understanding of the association between stroke risk and BP control is needed. The risk of stroke in patients with AF can be reduced with anticoagulation, and vitamin K antagonists (VKAs) have historically been the most commonly used therapy. Apixaban is an oral direct factor Xa inhibitor that was found to be superior to warfarin in preventing stroke or systemic embolism (SE) in patients with AF in the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial. 5 Given that uncontrolled elevation in SBP is a risk factor for intracranial hemorrhage and patients taking anticoagulants are at high risk for bleeding, it is not only relevant to determine the association between a history of hypertension requiring therapy and BP control with clinical outcomes as above, but also to determine whether patients with AF and hypertension benefit from novel oral anticoagulants in the same way as those without hypertension. 13 
Methods

Study Population
The design and results of the ARISTOTLE study have been previously published. 5, 14 Briefly, ARISTOTLE was a doubleblind, double-dummy, randomized trial comparing apixaban 5 mg twice-daily (2.5 mg twice-daily for patients with at least 2 of the following: age ≥80 years, body weight ≤60 kg, or serum creatinine ≥1.5 mg/dL) with warfarin (target international normalized ratio, 2.0-3.0) in patients with documented AF or flutter and at least 1 additional risk factor for stroke (age >75 years; previous stroke, transient ischemic attack [TIA] , or SE; symptomatic heart failure within 3 months or systolic dysfunction with a left ventricular ejection fraction [LVEF] <40%; diabetes mellitus; and hypertension requiring pharmacological treatment). Patients were not enrolled if they had a reversible cause for their AF, mitral stenosis, prosthetic heart valve, or other indication for oral anticoagulation, need for aspirin >165 mg daily or need for both aspirin and clopidogrel, stroke within the previous 7 days, and severe renal insufficiency. A total of 18 201 patients were enrolled.
Institutional review board approval and participant written informed consent were obtained before enrollment.
Blood Pressure
BP was recorded at screening; preceding to dosing on day 1; and at the quarterly, annual, and end of treatment period visits (around every 6 months). Though no standardized method for BP measurement was specified in the trial protocol, appropriate methods of collecting BP recordings were reviewed during site training. Median duration of followup in this study was 1.8 years.
BP control was evaluated in 3 ways: history of hypertension requiring treatment, elevated BP (SBP ≥140 mm Hg and/or diastolic BP [DBP] ≥90 mm Hg) at study entry, and elevated BP (mean of last 2 BP measurements as having SBP ≥140 mm Hg and/or DBP ≥90 mm Hg) at any point during the trial. These categories were not mutually exclusive.
Study Outcomes
The primary efficacy outcome was stroke or SE. The primary safety outcome was major bleeding as defined by the International Society on Thrombosis and Hemostasis (ISTH). 15 Key secondary outcomes included death from any cause, cardiovascular mortality, myocardial infarction (MI), ischemic stroke, hemorrhagic stroke, major or clinically relevant nonmajor (CRNM) bleeding, and any bleeding.
Statistical Analysis
Baseline characteristics are presented as medians with 25th and 75th percentiles for continuous variables and counts (proportions) for categorical variables. Event rates are presented per 100 patient-years of follow-up. Hazard ratios (HRs) along with 95% confidence intervals (CIs) are derived from Cox regression models. The probability of primary efficacy and safety endpoints are presented as Kaplan-Meier curves. Efficacy and safety endpoints were compared in patients with and without baseline history of treated hypertension and with and without elevated BP at study entry. Patients with and without hypertension were compared using adjusted HRs. For each endpoint, previously developed adjustment models were based on a set of clinically relevant variables. The randomized treatment effect was assessed by history of hypertension status. The interaction between randomized treatment and history of hypertension was tested by adding an interaction term to the Cox regression model. We also investigated the relationship between elevated BP during the trial and subsequent outcomes using a Cox regression model with a time-dependent covariate for elevated BP during follow-up. For this analysis, an elevation in BP was based on the mean of the 2 most recent BP values (to reduce variability). The average of the BP measured at screening and randomization was used until the first postrandomization measurement was collected. At the time of event, patients were analyzed according to mean of the 2 BPs taken at the visit preceding the event. For each endpoint, HRs were adjusted for potential confounders. All statistical analyses were performed using SAS software (version 9.0; SAS Institute Inc., Cary, NC). Whereas we prospectively collected BPs at each visit with the plan to evaluate the impact of various clinical variables with outcomes, this specific analysis was not preplanned. In all analyses, a P<0.05 was considered statistically significant. No corrections for multiple testing were performed.
Results
Baseline Characteristics
Of the 18 201 patients enrolled in the ARISTOTLE study, 15 916 (87.5%) had a history of hypertension requiring pharmacological treatment. Of these patients, 20% had SBP ≥140 mm Hg, 6% had DBP ≥90 mm Hg, and 17% had both at baseline. Of the 2285 patients without a history of hypertension at enrollment, 21% had elevated BP (SBP ≥140 mm Hg and/or DBP ≥90 mm Hg) at study entry. In regard to the 7229 patients (45% of the study population) with elevated BP at study entry, 93% had a history of hypertension. Of the 10 972 patients without elevated BPs at study entry, 83% had a history of hypertension ( Figure 1 ).
Patients with a history of hypertension were 2 years younger than those without a history of hypertension, but more likely to have previous diabetes or coronary artery disease (CAD; Table 1 ). Patients without a history of hypertension at baseline were more likely to have previous heart failure, stroke, or renal dysfunction. As expected, the overall CHADS 2 and CHA 2 DS 2 -VASc scores were higher in patients with a history of hypertension, whereas no difference in HAS-BLED scores was noted between the 2 groups. Aspirin therapy and statins were used more frequently in patients with a history of hypertension who also had more coronary disease. Digoxin was used more frequently in patients without a history of hypertension at baseline who had more heart failure.
Clinical Outcomes
Risk of stroke or systemic embolism was higher in patients with a history of hypertension (HR, 1.33; 95% CI, 1.00-1.76) or with elevated BP at study entry (HR, 1.24; 95% CI, 1.03-1.49). Similarly, rates of hemorrhagic stroke (HR, 1.59; 95% CI, 0.87-2.91 and HR, 1.19; 95% CI, 0.82-1.73) and rates of ischemic stroke (HR, 1.27; 95% CI, 0.91-1.78 and HR, 1.29; 95% CI, 1.04-1.61) were higher in both groups, although not statistically significant. Rates of major bleeding were lower in both groups respectively (HR, 0.82; 95% CI, 0.67-1.01 and HR, 0.97; 95% CI, 0.83-1.12; Table 2 ).
During the trial, 50% of patients had elevated BP at some point during the trial (mean of 2 previous BP measurements having SBP ≥140 mm Hg and/or DBP ≥90 mm Hg). After adjustment for baseline characteristics that are listed in Figure 2 , elevated BP at any point during the course of the trial was significantly associated with subsequent increased risk of stroke or SE (HR, 1.53; 95% CI, 1.25-1.86) and hemorrhagic stroke (HR, 1.85; 95% CI, 1.26-2.72; Figure 2 ). The association with stroke and SE was consistent according to a history of hypertension, previous stroke, and renal insufficiency. With longer duration of exposure to high BP, the association with stroke or SE trended in the same direction as those with a single mean BP measurement elevation; however, this trend was not statistically significant. An association was also noted between elevation in BP at any point during the trial and major or CRNM bleeding or any bleeding, although major bleeding itself was not significantly increased.
The benefit of apixaban versus warfarin in preventing stroke or SE was consistent among patients with and without a history of hypertension (P interaction=0.27; Table 3 ), elevated BP at study entry (P interaction=0.43), and elevation in BP during the trial (P interaction=0.97).
Discussion
In ARISTOTLE, patients with AF and hypertension are an important large subgroup of patients. In this analysis, the benefits of apixaban when compared with warfarin in reducing stroke or SE, mortality, and major bleeding were consistent regardless of a history of hypertension, BP at baseline, and BP measurements during the trial. Patients with a history of hypertension and those with elevated BP (SBP ≥140 mm Hg and/or DBP ≥90 mm Hg) at baseline had a higher risk of stroke or SE, although this finding was not statistically significant. However, a significantly higher risk of stroke was observed with elevated BP at any time during the trial. Thus, the main novel finding of this analysis was that elevated BP measurements (a mean SBP ≥140 mm Hg and/or mean DBP ≥90 mm calculated from 2 BP measurements) at any point during the trial were associated with a subsequent 50% increase in risk of stroke or SE (HR, 1.53; 95% CI, 1.25-1.86).
Previous studies looking at hypertension and AF have not shown a consistent association in outcomes. The Stroke Prevention using an Oral Thrombin Inhibitor in AF (SPORTIF) III and IV trials showed an increase in the rate of stroke or SE in patients with AF and SBP levels ≥140 mm Hg during the follow-up period of the trial. 10, 11 The Stroke Prevention in Atrial Fibrillation (SPAF) III trial showed an elevated risk of stroke or SE in patients with AF and a history of hypertension without SBP greater than 150 mm Hg. 12 When looking at BP reduction, a substudy of the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) demonstrated a 38% (95% CI, 6-59) reduction in major vascular events with a BP reduction of 7.3/3.4 mm Hg among the 476 patients with cerebrovascular disease and AF; however because of the small number of events, the results were not statistically significant. 9 On the other hand, the use of irbesartan in the ACTIVE-I trial, which was associated with a 6.8-mm Hg Adjustment variables: stroke/systemic embolism, ischemic/uncertain type stroke, hemorrhagic stroke: age, region, weight (spline), diabetes, at least moderate valvular disease, previous stroke, TIA, or systemic embolism, previous VKA use, and type of AF. All-cause death and cardiovascular death: age (spline), sex, region, systolic and diastolic blood pressure (spline), weight (spline), at least moderate valvular disease, left BBB, history of MI, previous stroke, TIA or systemic embolism, anemia, smoking, previous VKA use, NYHA class, CHADS2 score, and renal function. MI: age (spline), region, diabetes, coronary artery disease, history of MI, NYHA class, and renal function. Bleeding endpoints: age, sex, region, coronary artery disease, history of MI, history of bleeding, anemia, CHADS2 score, and renal function. AF indicates atrial This study looked at those patients with a history of hypertension requiring treatment, elevated BP at study entry, and elevated BP at any point during the trial and found the most significant finding to be that those patients with elevated BP at any point during the trial had a significantly increased risk of stroke or SE, thereby clearly establishing an association between elevated BP over time and the risk of stroke. Overall, these results underscore the importance of continuous BP control to lower the risk of stroke or SE in patients with AF.
Another important observation is that even for patients enrolled in a large clinical trial, 42% of patients who had a history of hypertension had elevated BP at study entry and 50% of all patients had elevated BP at some point during the trial (mean of 2 previous BP measurements having SBP ≥140 mm Hg and/or DBP ≥90 mm Hg). This highlights an opportunity to focus on BP management in those patients with AF, including those with a previous diagnosis of hypertension. Additionally, only 7% of patients with elevated BP at baseline had no history of hypertension, suggesting that recognition of elevated BP, even among patients without a history of hypertension, is an important issue.
Patients without a history of hypertension had significant differences in baseline risk factors compared to those with a history of hypertension attributable to enrollment criteria for this study. However, despite these differences, the overall CHADS 2 and CHA 2 DS 2 -VASc scores were higher for those patients with a history of hypertension at baseline, as expected.
Limitations
Given the large cohort of patients included in this study, this analysis of BP at baseline, and, particularly, of BP over time, is one of the most complete analyses in patients with AF to date. However, given the observational nature of this analysis, we cannot determine whether the associations we describe are cause and effect. These analyses should be interpreted Figure 2 . Adjusted HRs and 95% CI for the association between elevated blood pressure at any point during the trial and efficacy and safety endpoints. *Elevated blood pressure is defined as the mean of 2 most recent blood pressure measurements having an SBP >140 mm Hg and/or DBP >90 mm Hg. Stroke or systemic embolism outcome was adjusted by age, region, weight, diabetes, moderate valvular disease, previous stroke/TIA/embolism, type of AF, and previous VKA use. Death from any cause, cardiovascular death, and myocardial infarction were adjusted by age, sex, region, weight, moderate valvular disease, left BBB, history of MI, previous stroke/TIA/embolism, anemia, smoking status, previous VKA use, NYHA class, CHADS2 score, and renal function. Major bleeding or clinically relevant nonmajor bleeding and any bleeding were adjusting by age, sex, region, CAD, previous MI, history of bleeding, anemia, CHADS2 score, and renal function. AF indicates atrial fibrillation; BBB, bundle branch block; CAD, coronary artery disease; CI, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; ISTH, International society on Thrombosis and Hemostasis; MI, myocardial infarction; NYHA, New York Heart Association; SBP, systolic blood pressure; TIA, transient ischemic attack; VKA, vitamin K antagonist.
with caution given that they are subgroup analyses that were not preplanned and thus subject to the play of chance. In analysis of treatment effect of apixaban versus warfarin, there was a significant interaction whereby MI with apixaban was lower than with warfarin among patients with history of hypertension, but higher among patients without hypertension. Given the small number of events and lack of a clinically meaningful mechanism for this finding, this is most likely attributable to the play of chance.
Conclusion
In patients with AF and hypertension, having any elevated BP measurements was independently associated with a substantially higher risk of stroke or SE (HR, 1.53; 95% CI, 1.25-1.86). These data strongly support a focus to recognize and treat elevated BP to optimally reduce the risk of stroke in all patients with AF.
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